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Starting at l!J weeks of age six male rats, castrated at 16 weeks, were injected 
intramuscularly three times per week with 0.25 mg testosterone propionate !dissolved in 
sesame oil) per HlO grams body weight. Four castrated control rats received sesame oil only. 
Samples of dorsal skin were taken under light ether anesthesia at the time of orchidectomy 
and at weekly intervals during treatment. Histologic sections were cut perpendicular to the 
skin surface, stained with hematoxylin and eosin, and analyzed morphometrical!y for their 
volume content of sebaceous glands. A square grid of 42 sampling points was superimposed 
on each microscopic field at a magnification of 300x and an average of about 1000 points were 
counted over the entire thickness of the skin in each section. The average thickness of the skin 
was also determined for each sample. Three weeks after castration the mm' of sebaceous 
glands per cm 2 of skin was reduced from 1.76 to 0.96, a difference that is statistically 
significant at p < O.OOii. One week after starting testosterone injections. the volume of 
sebaceous glands was more than douhle that in the control animals: 3.0 vs 1.2 (p < 0.021. 
Even greater differences were found at 2 to 4 weeks of treatment. 
Gonadal androgens are the primary hormones 
involved with the development of sebaceous glands 
in both rat ] and man 12 ]. Administration of 
testosterone to the sexuallv mature rat further 
increases the size of sehaeeo~s glands [:3,4). Quan-
titative determinations of the size of rat sebaceous 
glands after parenteral testosterone treatments 
have been accomplished by cell counts [1] and hy 
planimetric measurements on projections of serial 
sections [3 .. ~ J. It has been shown that sebum 
production is correlated with the size of the holo-
crine sebaceous glands [6). Thus, the measurement 
of ether-extractable hair fat in the rat 171 and skin 
surface lipids in man [8] may he considered 
indirect indices of sebaceous gland size, at least 
whenever the rate of cell breakdown is constant. 
Recently a newer approach to morphometry. based 
on the principles of slereology 19 J, was used to 
measure testosterone-induced changes in rat skin 
[4 j. This morphometric method has the practical 
advantage that it can be applied to routine histo-
logic sections both easily and with optimum effi-
ciency. The present study is an application of this 
method to examine quantitatively the effects pro-
duced by orchidectomy and subsequent testoster-
one injections on tbe sebaceous glands of young 
sexually mature rats. 
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MATERIALS A'\D METHODS 
Teo young adult male Holtzmann rats weighing 
410-430 !(m were castrated at 16 weeks of age. Starting 3 
weeks later. 6 of these animals were injected intramuscu-
larly :1 times per week for 4 weeks with 0.25 mg of 
testosterone propionate dissolved in 0.05 ml of sesame oi I 
per 100 gm bodv weight. Four control rats received 
sesame oil onlv. All rats were maintained on routine 
laboratory cho;v and 3 weeks after orchidectomy had 
gained an average of 10 gm each. During the 4 weeks of 
injections, testosterone-treated rats gained an a\·erage of 
17 gm in weight while control animals gained an average 
of 1 gm. 
Biopsies of dorsal skin, approximately 5 c- 10 mm, were 
taken under light ether anesthesia at the time of or-
chidectomy and at weekly intervals during treatment. 
Histologic sections were carefully oriented perpendicular 
to the skin surface. stained with hematoxylin and eosin, 
and analyzed morpho metrically for their volume content 
of sebaceous glands. T'he morphometric measurements 
were done sur\'eying contiguous microscopic fields 
covering the section at a magnification of .300 x, as 
illustrated in Figure lA. A typical sample contained cross 
sections of about 20 individual sebaceous glands. A 
square grid of 42 samplin!" points [10 I was superimposed 
on each field bv means of an ocular reticle {Wild Heer-
brugg lnstrume'ots. Inc. #105844), as shown in Figure lB. 
In each section an average of approximately 1000 points 
was counted over the entire thickness of the skin, includ-
ing epidermis, dermis. and the thin layer of subcutaneous 
adipose tissue. The total number of such points, P.""' 
and the number of those points overlying cross sections 
of sebaceous gland cells, P,., were recorded and then 
used to calculate the volume fraction, V '"' of sebaceous 
glands in the skin: 
V - P, 
v • .,- -- (1) 
Pskin 
10 SAVTER AND LOUD 
FIG. 1. A: Mid-dorsal skin cut perpendicular to the 
bodv surface from a rat treated l week with testosterone. 
Structures in the skin were measured morphometrica!ly 
in contig-uous microscopic fields. represented by the 
sequence of superimposed squares covering the entire 
dermal and epidermal layers. A typical square at the 
hig-her magnification used is shown in Fig lB (;. 16). 
B: Each area of skin cross section was assaved with this 
square array of 42 points. indicated by the ·marked ends 
of the line segments. The set of points was applied to 
contiguous fields. as illustrated in A, until approximately 
1000 points overlying cutaneous structures had been 
counted. At this magnification one square field covers a 
tissue area of 90.000 I'm'. Thus. each point is equivalent 
to 2140 pm' and a total sample of 1000 points represents 
approximately 2.14 mm' of skin cross section { >< 1621. 
The average thickness of the skin, t. in mm was also 
determined in each biopsy by means of an eyepiece mi-
crometer. At least 10 measurements were made at inter-
vals of l mrn along the length of several sections and an 
average value was calculated for each tissue sample. 
Finally, the absolute volume of sebaceous glands, V 
in mm' per em' of skin area was calculated from 
equation: 
VA., lOOt\' v" 
RESULTS 
(2) 
Table I shows the changes in the individual and 
average values measured in 10 adult male rats 
immediately before orchidectomy and 3 weeks 
later. The volume percent of sebaceous .glands 
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decreased to less than one-half the normal value. 
At the same time the average.thickness of the skin 
increased approximately 16%. Both of these 
changes are statistically significant at the level of p 
< 0.0005. The figures in the last two columns of 
Table ] are obtained by multiplying the corre-
sponding numbers in the preceding columns of 
data, and show the calculated volume of sebaceous 
glands in mm' per em' of mid-dorsal skin surface. 
These values are significantb• different at p 
o.oos. 
The 10 orchidectomized rats were divided into 
groups of 6 and 4 to receive injections of testoster-
one propionate and carrier sesame oil. respectively. 
The volume percent of sebaceous glands measured 
at weekly intervals is shown in Table TL Testoster-
one injections produce a marked and continuous 
rise in the mean partial volume of sebaceous glands 
well above normal levels. while the values in 
control rats remain below normaL Much of the 
variation seen from week to week in individual 
rats, particularly among the controls. results from 
the small numiJer, P ••. of sebaceous gland points 
in each skin section. However, the difference 
between experimental and control animals is 
highly significant statistically at week and be-
comes more pronounced in later biopsies. Table III 
shows tba t the changes observed in sebaceous 
gland volume during testosterone treatment were 
not paralleled by changes in skin thickness. 
Throughout the experimental period the average 
thickness of dorsal skin in all rats drifted toward 
lower values but no significant differences were 
found between testosterone-treated and control 
groups. 
Calculated values of sebaceous gland volume per 
unit area of skin are summarized graphically in 
Figure 2. Vertical bars indicate plus and minus one 
standard error. The difference between testoster-
one-treated and control animals is significant at p 
0.02 after 1 and 2 weeks of inject ions and p 
0.002 after 3 and 4 weeks. During all 4 weeks of 
treatment the mean values are not significantly 
different from each other in either the steroid-
treated or control groups. Thus. the full effect of 
the testosterone treatment is already observable 
after only 1 week of injections. 
DISCL'SSIO!\ 
The principal value of the present studies is their 
demonstration of an efficient quantitative mor-
phologic technique for evaluating the response of 
sebaceous glands to experimental treatment. Or-
chidectomy was shown to reduce sebaceous gland 
volume nearly 50% and the subsequent administra-
tion of testosterone induced a 3- to 5-fo!d increase 
above control levels. The latter effect was statisti-
cally significant after only 1 week and the injection 
of 0.75 mg of hormone. These results confirm the 
observation of Ebling [3] who administered 0.2 mg 
of testosterone per day to castrated .male rats and 
found after 3 weeks that the volume of an average 
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TABLE I Effect of castration on the volume of sebaceous glands in the dorsal skin of adult male rots 
Volume percent Skin thickness (mm) mm 3 Sebaceous glands 
cm 2 skin 
Rat 
Precast ration 3 Weeks post Precast ration 3 Weeks post i Precastration 3\Veek" post 
castration castration I castration I 
l 1.8 0.6 1.01 1.18 1.82 0.71 
2 1.2 0.9 1.15 1.23 1.38 Lll 
3 2.7 0.2 1.09 1.22 2.94 0.24 
4 1.4 1.3 1.09 1.24 1..53 1.61 
5 1.4 1.5 1.25 1.52 1.75 2.28 
6 1.7 0.9 1.30 1.32 2.21 1.19 
7 2.0 0.1 1.04 1.18 2.08 0.12 
8 1.3 0.4 0.86 1.06 1.12 0.42 
9 1.5 0.7 1.15 1.28 1.73 0.90 
10 1.1 0.7 0.94 1.42 1.03 0.99 
Mean 1.61 0.73 1.09 1.27 1.76 0.96 
S.E. 0.15 0.14 0.04 0.04 0.18 I 0.21 
p < 
TABLE 11. Effect of testo.,terone injections on the volume percent of sebaceous glands in rat dorsal skin 
2 
3 0.2 2.4 3.5 
4 1.3 2.6 3.4 4.7 
5 1.5 3.2 3.7 4.5 
6 0.9 1.8 3.6 3.5 
Mean 0.90 2.52 3.32 3.68 
S.E. 0.19 0.19 0.16 0.31 
7 control 0.1 2.0 1.0 0.7 
8 0.4 1.6 0.3 0.9 
9 0.7 0.3 1.9 0.2 
10 0.7 o:; 0.3 0.7 
Mean 0.88 0.63 
S.E. 
"Student's t·test of the difference between the means of testosterone-treated and control rats 
sebaceous gland increased from 368 10' !iffi 3 to 
686 x 103 11m'. Similarly, Haskin eta! [5] reported 
a 4-fold increase in the average volume of individ-
ual sebaceous glands in mature spayed female rats 
treated with intramuscular testosterone, 1.0 mg 
per day for 30 days. A recent autoradiographic 
study using 'H-thymidine in the hamster indicates 
a significant decrease in the labeling of cells at the 
periphery of sebaceous glands of the flank organ 
following .orchidectomy, and as much as a 4-fold 
increase in the cell proliferation rate 5 hr after a 
single massive injection of testosterone [11 ]. 
Two properties of skin were measured directly in 
these experiments: (1) the volume fraction (or 
volume percent) of sebaceous glands, which varied 
in response to testosterone injections, and (2) skin 
thickness, which also varied but apparently inde-
pendently of the exogenous androgen. A quantita-
tive evaluation of skin necessarily includes both 
groups of data. These two properties are combined 
in the equation for V,,,. to yield the absolute 
volume of sebaceous glands as a single numerical 
characteristic of rat dorsal skin. Furthermore, this 
characteristic is expressed with respect to the 
relatively stable parameter of skin surface area. 
The technique of quantitative morphometry uti-
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TABLE m. Thickness measurements of rat dorsal skin 
durint: testosterone and control injections (mm) 
Duration oftreatment (age). 
Rat Treatment in weeks 
0(19) 1 (20) 2 (21) 3 (22) 4 (23) 
1 Testosterone 1.18 0.87 0.90 0.80 0.60 
2 .. 1.23 1.36 1.19 0.69 0.77 
3 .. 1.22 0.98 1.15 0.69 0.59 
4 .. 1.24 0.98 1.24 0.87 0.81 
5 .. 1.52 1.61 0.95 0.88 1.00 
6 .. 1.32 1.32 0.75 0.84 0.85 
Mean 1.29 1.19 1.03 0.79 0.77 
S.E. 0.05 0.12 0.08 0.05 0.06 
7 control 1.18 0.94 0.93 0.66 0.74 
8 .. 1.06 0.96 1.04 0.94 0.81 
9 .. 1.28 1.36 1.07 0.87 1.24 
10 .. 1.42 1.47 0.81 0.75 0.90 
Mean 1.24 1.18 0.96 0.81 0.92 
S.E. 0.08 0.14 0.05 0.07 0.12 
4 
16 17 18 !9 20 
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FIG. 2. Sebaceous gland volume, in cu mm/sq em 
dorsal skin surface in the rat. Arrows indicate the initial 
event of orchidectomy and the triweekly injections of 
testosterone propionate in experimental animals or car· 
rier sesame oil in the controls. Vertical bars represent 
plus and minus one standard error of the data. 
lized here has been well justified in theory [12 1 and 
illustrated in previous applications to skin [4) and 
other tissues [13-15]. It is based on the principle 
that the volume fraction of a component in tissue is 
numerically equal to the fractional area of that 
component seen in random cross sections. Such 
areas are most easily measured by superimposing a 
regular point lattice over the tissue section, or its 
image in a microscope, and counting the fractional 
number of points that overlie transections of the 
component structure. As a method for measuring 
cross-sectional area, point counting is superior to 
planimetry in that it requires little apparatus and 
few special skills. It is an easily defined and 
executed operation, namely, the counting of those 
points associated with an identified structure. The 
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results are numerical and subject also to statistical 
tests of significance. 
In contrast to planimetry, the morphometric 
method enables one to reduce the precision of 
individual measurements in return for increased 
efficiency [16]. Because the point lattice consti-
tutes a subsample of the tissue section, just as the 
section itself is a subsample of the tissue, the 
extent of sampling can be readily adjusted to 
obtain any degree of accuracy and to assure a truly 
representative assay. Accuracy is improved by 
increasing the number of points counted, prefera-
bly by increasing the number of fields to which the 
lattice is applied rather than by increasing the 
number of points in the lattice. It has been shown 
[17 1 that point counting efficiency is optimized by 
matching the standard deviation in each sample, 
as estimated by the square root of the total counts 
collected, to the standard deviation among equiva-
lent samples. In the present study, for example, 
the standard deviation among the measurements 
of the volume percent of sebaceous glands in 10 
rats at 16 weeks of age is 0.47 (S. E. Vn = 0.15 
y'IO = 0.47). This figure is 30% of the mean value 
of 1.61. Since approximately 1000 points were ex-
amined over each skin section, the number of seba-
ceous gland points collected per section was only 
about 16. Though this sample seems small, its 
standard deviation (given by v'i6> is 25% and is 
still less than the overall 30% variation. Thus, 
improved accuracy in the estimation of the mean 
will be obtained more efficiently by assaying tis-
sues from additional animals than by expending 
effort to measure individual biopsies with greater 
precision. Increasing the number of animals as-
sayed would have led to an improved estimate of 
the mean sebaceous gland volume as indicated by 
its standard error. However, with the large differ-
ences induced by castration and subsequent testos-
terone treatments the number of rats used and the 
number of points counted were quite sufficient to 
obtain results with a high degree of statistical 
significance. 
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